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Abstract - The preparation of compounds l b ,  l c  and l e ,  monofluoro 
and trifluoromethyl analogues of the imidazole KK-42 ( l a )  is reported. 
The synthetic sequence involves the formation of an imine between 
the appropriate  f luoro  aldehyde and benzylamine,  fol lowed by  
condensation with tosylmethyl isocyanide (TosMIC) in basic media. 
Each step has been thoroughly studied and the whole procedure has 
been optimized for  the case of model imidazole l a .  I t  has been 
observed that when possible, the imine formation proceeds with a 
concomitant  UE isomerization on the olefin moiety of  the a,P- 

unsaturated system. Finally, data on the biological activity of the title 
compounds as ecdysone antagonists are also presented. 

The development of insect hormone antagonists is a subject of continuous interest 
for insect pest control. Within the context of either insect juvenile hormones or 
moulting hormones (ecdysones), several approaches have been carried out to 
obtain new compounds which could exhibi t  an activity a s  antagonists of these 
hormones. l .2  One of the strategies more widely used for this purpose has been the 
design of biosynthesis  inhibitors; in part icular ,  s ince  cytochrome P-450 
monooxigenases are involved in different steps of the biosynthesis of both 

hormones, potential specific inhibitors o f  these enzymatic systems have been 
subject of active research. However, if the activity of a given antagonist is no1 

specific, a compound designed as insect juvenile hormone inhibitor could also 
present an antiecdysone action. It seems that this is the case of  imidazole KK-42 
( l a ) .  This compound was developed by E. Kuwano e t  aL.3 being the optimized 

molecule from a series of 1,4- and 1,5-disuhstituted imidazoles tested for 



antijuvenile hormone activity.4-6 particularly on the silkworm R o m b v x  h. 
Nevertheless, recent findings suggest that this compound exhibits also activity as 

ecdysone antagonist.' 

In the present paper we report an optimized preparation of model compound 
l a  and the synthesis of monofluoro and trifluoromethyl analogues l b ,  l c  and 
l e .  According to our experience on the synthesis of fluorinated terpene 
synthons containing the fluorine atoms in the vicinity of olefin moieties,s-10 we 
deemed that replacement of the (a-2,6-dimethyl-1,5-heptadienyl subst i tuent  
of imidazole KK-42 by fluoro terpene moieties could induce changes on the 

lipophilic character of the compound and additional resistance to metabolic 
degradation. In all cases, we have used the synthetic sequence described by 
Kuwano e t  al.,3 although it has been improved, particularly for  the reaction 
which leads to the formation of the intermediate imines 3 .  In addition, 
biological activity assays for compounds l a ,  l b  and l e  as ecdysone antagonists 
have also been performed. 

RESULTS AND DISCUSSION 
Svnthesis of model imidazole la. 
The procedure reported by Kuwano et al. for the synthesis of l a  is depicted in 
Scheme 1. Thus, condensation of geranial with benzylamine in the presence of 
magnesium sulphate afforded the intermediate imine 3 ,  which was allowed to 
react with tosylmethyl isocyanide (TosM1C)Il to give a 2:l mixture of imidazole 
KK-42 and its corresponding Z-isomer in 35% overall yield. Since the sequence 
appeared to be convenient for  the preparation of the designed fluorinated 
analogues, we decided to reinvestigate its scope with the aim of improving the 
yields and minimizing the observed isomerization process. 
In fact, an almost quantitative conversion was observed when geranial ( 2 a )  
reacted with benzylamine under the above conditions. However, the 1H nmr of 

the crude reaction mixture (triplets at 6= 8.32 and 8.26 and singlets at 1.93 and 
1.88) showed the presence of two imines in a 7:3 isomeric ratio, which were 
identified as the E:Z 3a isomers, respectively. The lack of bibliogr;~phy on the 
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reaction of amines with a,!?-unsaturated aldehydes led us to perform several 
assays to rationalize the observed isomerization. 

1 1 2  
d :  R = H; R - CH,; CF3 

CF3 
e: R'=  H; R~=L : R3= CH3 

(90:10 L;E isomer mixture) 

Scheme 1 

Although the unstability of these imines precluded i ts  separat ion by  

chromatographic means, treatments with 0.1 N HCI were needed to revert to  

the precursor aldehydes geranial and neral, which were also formed in a 7:3 
isomeric ratio, respectively. In addition, it was confirmed that pure geranial 
( 2 a )  did not isomerize under the above acid conditions. On the other hand, 
reaction of benzylamine with neral afforded the same imine mixture, which 
indicated that the observed isomerization was independent on the aldehyde 
configuration geometry. Since substitution of triethylamine (an amine that 
cannot condense to give an imine) for benzylamine did not induce isomerization 
on the precursor aldehydes and the use of cyclohexylamine also led to a 7:3 
isomeric ratio of the corresponding imines, our  conclusion was that the 

observed isomerization occurs during the condensation between the aldehyde 
and the primary amine. Thus, i t  is plausible that an intermediate such as 4 
(Scheme 2) could undergo allylic rearrangement under the reaction conditions 

giving rise to a Z: E mixture, which would be converted into the final imines 3 
with an isomeric ratio derived from the respective thermodynamic stabilities. 
Incidental ly,  when some  of the above  assays  were  carr ied out  in 
deuteriochloroform for  monitoring the reaction course by 1H nmr, it was 
observed that the condensation took place faster (15 min) and the working-up 



of the crude reaction mixture was also much simpler in comparison with the 
magnesium sulphate/dichloromethane conditions currently used (3  h). After 
different attempts, it was found that the use of not newly distilled chloroform 
(which ensured a slight acid medium) gave the best results for these class of 
condensa t ions  

Finally, reaction of the isomeric mixture of imines with TosMIC in the presence 
of potassium carbonate in methanol gave a 7:3 mixture of imidazole l a  and its 

corresponding Z isomer, which was separated by column chromatography on 
silica gel. It i s  worth to point out that a considerable improvement of the 

chromatographic separation was achieved by saturating the eluent mixtures 
with ammonium hydroxide (28% aqueous solution). By this procedure, the pair 
of imidazoles were isolated with a 70% overall yield from starting aldehyde 2a.  
Svnthesis of fluoro analoeues. 
The different fluoro aldehydes needed for the preparation of imidazoles l b - l e  
were obtained from precursors already available in our laboratory.8.9 
Thus ,  2-fluoro-3-methylbut-2-enal ( 2 b )  was prepared from isobutyraldehyde 
according to the procedure reported by Schlosser and coworkersl2 with minor 

modifications. Specifically, hydrolytic opening of the chlorofluorocyclopropane 
precursor of 2 b  was carried out with a 1:l dioxane:water mixture (3 h at 70  
"C). This treatment was milder than that previously reported12 and afforded 
the aldehyde in 90% yield. 
The fluoro aldehyde 2c  was obtained from the corresponding methyl ester8 by 
reduction with lithium aluminium hydride followed by oxidation with 
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manganese dioxide (72% overall yield). A similar procedure was used for  the 
preparat ion of t r i f luoromethylbutenal  2 d  from its corresponding methyl 
ester.10 although in this case the high volatility of the aldehyde advised the 
use of pyridinium dichromate as  oxidation reagent to minimize losses during 
the work-up of the crude reaction mixture (66% overall yield). Finally, 
t r i f l uo romethy l  a ldehyde  2 e  was prepared f rom the corresponding 
tetrahydropyranyl protected alcohol9 by hydrolysis and subsequent oxidation 

with manganese dioxide, in 77% overall yield. 
Furthermore, reaction of fluoro aldehydes 2h-2e with benzylamine led to the 
formation of the corresponding imines 3  in yields comparable with those 
obtained for imine 3a.  Again, a 7:3 isomeric mixture of imines was obtained for 
3c , 3d and 3e ,  which was E : Z, respectively, for the first and the third, and Z : 
E for the second. These intermediates could not be isolated and they were - 

identified by spectroscopic means. 
The final conversion of the imines into the corresponding imidazoles was tried 

by using the procedure described above for the case of model compound 2 a ,  
and we were succesful for the case of imines 2c and 2e, which gave good yields 
of fluoroimidazoles l c  and l e ,  respectively. Obviously, these compounds were 
also obtained as a 7:3 E:Z isomeric mixture. These mixtures could also be  
separated by column chromatography on silica gel, saturating the eluent 
mixture with ammonium hydroxide (28% aqueous solution) to improve isomer 

separa t ion .  

Conversely, the reaction of imines 31, and 3 d  with TosMlC reagent  was 
t r o u b l e s o m e .  T h u s ,  a l l  a t t e m p t s  c a r r i e d  o u t  t o  o b t a i n  t h e  
tr i f luoromethylimidazole i d  were unsuccesful, probably due to the electron 
withdrawing effect of the CF3 group, which caused a change in the charge 

distribution along the a ,b-unsaturated system of the imine. This alteration 
could be particularly important on the iminic carbon atom, which is supposed 
to be the target for the initial attack of the TosMIC generated carbanion.' 1 

The case of imine 3b was slightly different. This interlnetiiate appeared to be 

also inactivated by the effect of the fluoro substituent, since reaction with 
TosMlC was much slower than with former imines 3 a ,  3c  or 3 e ,  and 
consequently, yields were also reduced due to the unstability of the isocyanide 
under the reaction c o n d i t i o n s . ~ ~  However, as we have previously shown, the 
deactivation induced by a fluoro substituent on an olefin moiety i s  not very 
strong;8 thus, if self decomposition of TosMIC could be minimized, there would 
be possible to prolonge reaction t imes and then achieve the imidazole 
formation.  Af ter  several  at tempts,  substitution of di isopropylamine fo r  



potassium carbonate resulted in the stabilization of the reagent and imidazole 

I b  could be obtained in 70% yield. 

Rio lo~ica l  Assavs. 

Imidazoles l a ,  l c  and l e ,  only Ii isomers.13 were assayed as  potential ecdysone 
antagonists in pupae of T e n e b r i o  mol i to r .  Accordingly, compounds (10 p g )  
were injected as hydrochlorides ( 1  p1 of an aqueous solution at pH 6) into 
newly emerged pupae that had been anesthesized under ice  for  2 0  min. 

Controls  received the corresponding amount of solvent.  After  4 days, 
hemolymph was obtained by cutting off the pupae legs. The extract (about 5 p l )  
was deproteinized by precipitation in methanol (200 p l )  and centrifugation (5  

min at 10000 g). The supernatant layer was evaporated with nitrogen stream 
and redisolved in phosphate buffer (0.1 M, pH=7.4). The levels of ecdysone- 

like compounds were determined by the enzyme irnmunoassay reported by 
Porcheron The results obtained are depicted in Table 1.  

T a b l e  1.  Titers of ecdysone-like immunogens in T e n e b r i o  m o l i t o r  pupae 
treated with imidnzolc KK-42 and the fluoro analogues l c  and l e .  

Compound ng ecdysone / ml hemolymph a n 

Control 4058 k 320 
1  a 4244 k 408 
1  c  2849 i 355 
1  e  5787 k 377 

a Values determined using the enzyme immunoassay reported by 
Porcheron a a l . 1 4  and are given as X + S.E.M. 

As shown, imidazole KK-42 ( l a )  did not deplete ecdysone titers, which suggests 
that this compound does not behave as ecdysone antagonist on T . m o l i t o r  
pupae. On the other hand, monofluoro analogue l c  elicited a slight but 
significant inhibition (30% with respect to controls, P < 0.05). This inhihilion, 
however, was lower than that exhibited by azadirachtin, a potcut ecdysonc 

:intagonist previously assayed in our laboratory. Finally, i t  is worth of note the 
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stiniulatory activity (40% with respect to controls, P < 0.005) elicited by the 

trifluoromcthyl derivative l e .  This activity could present a parallelism with 
the a l so  unexpected st imulat ion el ici ted by methyl  12,12,12-trifluoro- 
methylfarnesoate, a compound with the same fluoroterpenoid moiety as of i c ,  
that we found in the biosynthesis of insect juvenile hormone 111 by the co rpora  

W of Bla t te l la  ~ e r m a n i c a .  In summary, these results, besides pointing out 
the different effects of f luoro substituents depending upon i ts  position in 
respect to an olefin moiety, also raise an intriguing question about a 
hypothet ical  relat ionship between trifluoromethyl olef inic fragments  and 
stimulation of insect hormones biosynthetic pathways. Work along this line is 
in progress in our laboratory. 

EXPERIMENTAL 

Melting points (uncorrected) were  determined with a Koffler apparatus. 
Elemental analyses were obtained with a Carlo Erba Model 1106 instrument. Ir 
spectra were perfornletl with a Perkin Elmer 399 B apparatus in CC14 solutions. 

IH and 19F nmr spectra were recorded on a Bruker WP-80 SY spectrometer in 
C D C I 3  solutions. Chemical shifts are reported in ppm downfield from internal 
TIvlS for 'M and external 1 %  CF3COOH in CDC13 for '9F . The following 

descriptions for the observed multiplicities are used: br = broad, d = doublet, q 

= quartet, s = singlet, t = triplet. Gc-ms analyses with electron impact were 
performed with a IIewlett-Packard Model 5995-C instrument, using a OV-101 
glass capillary column (25 m). Ms analyses with electron impact were obtained 
with a VG TS-250 spectrometer. Microdistillations were carried out with a 
Ruchi Kugelrohr Model GKR-50. Unless otherwise stated, organic extracts 
obtained from treatment of reaction crudes were dried over  magnesium 
sulphate and solvent was removed by evaporation under vacuum. 
N-(3.7-Dimethvl-2.6-octadienvliden)benzvlamine ( 3 a L  Geranial (0.6 g, 2.9 
n~nio l )  was added to a solution of benzylamine (0.32 g, 3 mmol) in CI32CI2 (8 
ml), containing M g S 0 4  (0.5 g). The mixture was stirred under reflux for 3 h (gc 

monitoring), cooled down and filtered. The residue obtained from solvent 
removal  was  identified by ' H  nmr as a 7:3 E:Z mixture of 3 a  and its 
corresponding isomer, which could not be separated by chromatographic 
means. When the reaction was carried out in CHC13, using the same amount of 
aldehyde and amine hut without M g S 0 4 ,  gc monitoring revealed an almost 

quantitative conversion after 15 min stirring at room temperature. 
Ir (v, cm-1): 1645, 1610; ms (mlz): 241 (Mf) ,  198, 161, 150, 91. 



E isomer. 113 Nmr: 1.65 (s, 3H), 1.67 (s, 3H), 1.92 (d, 3H, J=l Hz), 2.15 (m, 4H), 
4.63 (br s, 21-I), 5.10 (br t, 111, J=7 Hz), 6.08 (br d, IH, J=9 Hz), 7.28 (br s, SH), 
8.32 (dt, If<, Jl=9,  J2=1 Hz). 

7. isomer. IH Nmr : I S 8  (s, 3H). 1.60 (s, 3H), 1.88 (d, 3H, J=l Hz), 2.15 (m, 4H), 
4.63 (br s, 2M), 5.10 (br t, IH, J=6 Hz), 6.07 (br d, IH, J=9 Hz), 7.28 (br s, SH), 
8.26 (dt, I l l ,  J l=9,  J2=1.5 Hz). 

When the reaction was carried out  with pure neral (obtained from 
chromatography on silica gel of a geranial-nerd mixture, eluting with 98:2 

hexane:ether), analysis of crude reaction mixture by 11-1 nmr after 3 h showed 
the presence of the same 7:3 isomeric mixture of imines. 
N-(3.7-Dimethvl-2.6-octadienvlidene~cvclotiexvlamine Following the procedure 
described above for the case of benzylamine, geranial (0.030 g, 0.2 mmol) and 
cyclohexylamine (0.019 g. 0.2 mmol) were allowed to react. Conventional work- 
up of the crude reaction mixture gave a residue containing a 7:3 E:Z mixture of 
the corresponding imines (conversion over 95%). 

Ir (v, cm-1) : 1645, 1610. 

E isomer. IH Nmr :1.15-1.45 (br s, I lH) .  1.67 (br s, 6H), I .  (d, 3H, J=l  Hz), 
2.15 (m, 4H), 5.10 (hr s, IH), 6.06 (br d, IH, J=9 Hz), 8.22 (tld, IH, J,=:9, J2=l Hz). 

7. isomer. IH Nmr :1.15-1.45 (br s, IIH),  1.60 (br s, 6H), 1.86 (d, 313, J=l Hz), 
2.15 (ni, 4H), 5.10 (br s, 11-I), 6.06 (br d, IH, J=9 Hz), 8.18 (dd, IH, J1=9, J2=l Hz). 

I-Renzvl-5-(2.6-dimethvl-1.5-he~tadienvlimidazole. Following the general 

procedure described by Van Leusen e t d . 1 1  TosMIC (0.62 g, 3.2 mmol) was 
added to a suspension of the isomeric mixture containing imine 3a (0.70 g, 2.9 
mmol), K2CO3 (1.5 g, 10.9 mmol) and MeOH (8 ml). The crude reaction mixture 

was stirred under reflux until gc monitoring showed the absence of starting 
imines (3 h), and filtered through celite, washing thoroughly with CH2C12. The 

residue obtained after solvent removal (a 7:3 E:Z isomeric mixture of the 
corresponding imidazoles) was purified by chromatography over silica gel, 
using a mixture of 2:l hexane:AcOEt Saturated with ammoniun hydroxide (28% 
aqueous solution), to give l a  and its Z isomer in 70% overall yield from starting 
ger;inial, 

l a :  mp 62-64 "C (lit.3 62-64 'C); ir (v, cm-1) : 3060, 2960, 2910, 1480, 1450, 
1440, 1370, 1350, 1270, 1230, 1115, 915; IH nmr : 1.61 (br s, 3H), 1.68 (br s, 

311). 1.83 (d, 311, J=l  IIz), 1.95-2.40 (m, 4H), 4.96-5.20 (br s, 3H), 5.76 (s, IH), 
6.90-7.35 (br s, 61-I), 7.46 (s, 1H); ms (mlz) : 280 (M+), 211, 91. 
Z - isomer: mp 80-82 "C (lit.3 80-82 "C); ir (v, cm-1) : 3060, 2960, 2910,1480, 
1450, 1350, 1270, 1220, 1110, 1030, 925; 1H nmr : 1.54 (br s, 3H), 1.62 (br s, 
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3H), 1.81 (d, 3H, J=l  Hz), 2.10 (m, 4H), 5.00-5.10 (br s, 3H), 5.76 (s, IH), 6.90- 
7.35 (br s, 6H), 7.45 (s, IN); ms (mlz) : 280 (Mf), 211, 91. 
2-Fluoro-3-methvlhut-2-enal  ( 2 h ) .  This compound was prepared according to 
the procedure reported by Schlosser and coworkers12 with some modifications 
in the last step of the synthetic sequence. Specifically, intermediate l-chloro-l- 
fluoro-2-ethoxy-3,3-dirnethylcyclopropane (6 g, 36  mmol) was added to 50 ml 
of a 1:l water:dioxane solution and the mixture was heated at 7 0  OC under N2 

until the reaction was completed (3  h, nmr monitoring). The crude reaction 
mixture was extracted with ether (3  x 25 ml) and the organic extracts were 
dried. After elimination of solvents by distillation, the residue was distilled 
under vacuum to give 3.30 g (bp 46 OC/50 tom, 90% yield) of 2b. 
2 h i 2 :  Ir (v, cm-I): 1690; nmr: 1.94 (d, 31.1, J=4 Hz), 2.13 (d, 3H, J=3 Hz), 9.70 
(d, IH, J=16 Hz). 
(2E)-6-Fluoroeeranial ( 2 ~ 1 .  A solution of ethyl (2a -6 - f luo roge rana te8  (1.0 g, 5 
mmol) in dry ether (2.5 ml) was added dropwise to a suspension of LiAIH4 

(0.19 g, 5 mmol) in the same solvent (2.5 ml) maintained at 0 'C and the 
mixture was stirred at  the same temperature. When the reaction was 
completed (40 min, gc monitoring), conventional work-up of the crude reaction 
mixture gave the corresponding alcohol (0.77 g, 90%). Ir (v, cm-1) : 3600-3200 
(br), 1710; 'H  nmr : 1.55-1.65 (m, 6H) , 1.75 (s, 3H), 2.00-2.60 (m, 41-I), 4.15 (d, 
2H, J=7 Hz), 5.42 (br t, IH,  J=7 Hz). Subsequently, active Mn02  (10 g)  was added 

to a solution of the fluoro alcohol (0.35 g, 2.0 mmol) in hexane (70 ml) and the 
mixture was vigorously stirred for 20 h at room temperature. The insoluble 
material was removed by filtration, washing thoroughly with ether and the 
filtrate was carefully evaporated under vacuum to give a residue containing 
the fluoroaldehyde 2c (0.28 g, 80% yield). 
2c :  Ir (v, cm-I) : 1710, 1685; 'I1 nmr : 1.56 (d, 31-1, J=3 Hz), 1.64 (d, 311, J=3 Hz), 
2.18 (d, 3H, J = l S  Hz), 2.35-2.70 (m, 4M), 5.89 (br d, IH, J=K llz), 9.99 (d, IH,  J=8 
Hz). Anal. Calcd for C I O H I ~ F O :  C, 70.61; H, 8.81. Found: C, 70.45; H, 8.96. 

(22)-3-Trifluoromethvlhut-2-enal (2d) .  By using the same procedure described 
above, methyl (2L)- t r i f luorobu t -2-enoate l0  (2.25 g, 13.4 mmol) was reduced 
with LiA1114 (0.5 g, 13.4 mmol) in dry ether (10 ml). In this case, after 

conventional work-up of the crude reaction mixture, ether (20  ml )  was 
carefully eliminated by distillation using a Vigreux column, to give a residue 
which contained the expected trifluoromethyl alcohol (1.27 g, 68% yield) 
identified by comparison with an authentic sample independently prepared.10 
Ir (v, cm-1) : 3600, 3600-3200 (br), 1620; IH nmr : 1.45 (br s ,  IH),  1.88 (q, 3H, 
J=2 IIz), 4.20-4.50 (m, 2H), 6.20 (br t, IH, J=7 Hz); 19F nmr : 15.4 (q, J=2 Hz). 



Subsequently, a solution of this alcohol (0.5 g, 3.6 mmol) in DMF (1.5 ml) was 
added to a solution of pyridinium dichromate (1.7 g)  in the same solvent (2 ml), 
maintained at -10 T . 1 5  After stirring for 5 h at this temperature, the crude 
reaction mixture was acidified with 0.5 N HC1 (25 ml) a n d  extracted with 
C H 2 C 1 2 .  The joined organic extracts were dried and solvents were partially 

removed by distillation, leaving an enriched solution containing the expected 
aldehyde 2 d ,  which was identified by comparison with an authentic sample 

independent ly  prepared16 (75% yield estimated by 1H nmr using methyl 
formate as internal standard). 11~1 Nmr : 2.20 (q, 3H, J= l  Hz), 6.45 (br d, IH, J=9 
IIz), 10.15 (dd, lH,  J1=9, J2=2 Hz). 

(2E.6Z)-8.8.8-TrifIuoroeeranial (2e l .  A solution of the tetrahydropyranyl ether 
of (2E, 6Z)-8.8,8-trifluorogeraniol9 (2.0 g, 6.8 mmol, 6&: 62_ 5:95 isomeric ratio) 
in MeOIl (50 ml) was treated with pyridinium p-toluenesulphonate (0.17 g,  0.7 
mniol) and the mixture was heated at 40 OC until hydrolysis was completed (5 
h, gc monitoring). Then the crude reaction mixture was poured into water (250 

ml) and extracted with pentnne (5 x 70 ml). The combined organic extracts 
were dried and the residue obtained after solvent removal was identified as 
the corresponding alcohol (1.27 g, 90% yield). Ir (v,  cm-1) : 3600-3200 (br), 
1645; J H  nmr : 1.68 (s, 3H), 1.85 (q, 3H, J=2 Hz), 1.90-2.60 (m, 4H), 4.20 (d, 2H, 
J=7 Hz), 5.48 (t, IH,  J=7 Hz), 5.73 (t, IH,  J=7 Hz); l 9F  nmr : 14.2 ( 6 a .  
Subsequently, a solution of this alcohol (0.40 g, 1.9 mmol) in hexane (70 ml) 
was treated with activated M n 0 2  (10 g). After conventional work-up, pure 

aldehyde 2e was isolated after chromatography on silica gel using a mixture 

8:2 hexane:ether (0.34 g, 85%). 
2e: Ir (v, cm-1) :1680; '11 nmr : 1.85 (q, 3H, J=2 Hz), 2.20 (d, 3H, J=1.5 Hz), 2.30- 
2.70 (m, 4[1), 5.73 (1, lH ,  J=7 Hz), 5.90 (d, IH, J=S Hz), 10.00 (d, 11-1, J=8 Hz); 1gF 
nmr : 14.0 (62). Anal. Calcd for C10H13F30: C, 58.28; 11, 6.30. Found: C, 58.48; 

H, 6.66. 
Preparation of imines 3 h - 3 ~ .  These compounds were obtained using the 
general procedure described above for imine 3a .  
3 b :  from aldehyde 2b (0.4 g, 3.9 mmol) and benzylamine (0.43 g, 4 mmol), 
0.75 g (95 % yield) of imine were obtained. 'H Nmr : 1.87 (s, 6H), 4.74 (br s, 
2H), 7.30 (s, 5H), 8.14 (d, IH, J=19 Hz). 

3 c :  from aldehyde 2 c  (0.30 g, 1.8 mmol) and benzylamine (0.20 g, 1.8 mmol), 
0.43 g (94 % yield) of a 7:3 E : Z isomeric mixture of imines was obtained. 1H 
Nmr: 1.50-I .60 (br s, 12H), 1.88 (d, 31-1, J= l  Hz, Z isomer), 1.95 (d, 3H, J=1 Hz, E 
isomer), 2.30 (m, 41-I), 2.55 (m, 4H), 4.65 (br s, 4H), 6.10 (d, 2H, J=9 Hz), 7.30 (s, 
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IOH), 8.20 (dt, J1=9, J2=2 Hz, 2. isomer), 8.35 (dt, IH, J1=9, J2=2 Hz, E isomer); ms 

(mjz) : 259 (Mf),  239, 91. 
3 d :  from aldehyde 2 d  (0.35 g, 2.5 mmol) and benzylamine (0.27 g, 2.5 mmol), 
0.52 g (90 % yield) of a 7:3 2. : E isomeric mixture of imines was obtained. IH 

Nmr: 2.05 (br s, 3H), 4.75 (br s, 2H), 6.75 (d, IH, J=9 Hz), 7.30 (s, SH), 8.35 (br 

d, IH, J=9 IIz); ms (mlz) : 227 (M+), 158, 91. 
3 e :  from aldehyde 2e  (0.30 g, 1.5 mmol) and benzyl;imine (0.16 g .  1.5 mmol), 

0.40 g (92 % yield) of a 7:3 E : Z isomeric mixture of imines was obtained. 1H 
Nmr: 1.75-1.80 (m, 6H), 1.85 (br s, 6H), 2.30-2.40 (m, 8H), 4.63 (br s, 4H), 5.65 
(br s, 2H), 6.06 (br d, 211, J=9 IIz), 7.25 (s, IOII), 8.20 (dt, IH,  J1=9, J1=1.5 Hz, 2% 
Isomer), 8.25 (dt, IH, J1=9, J2=1.5 Hz, 2 E  isomer); ms (mlz) : 295 ( h l i ) ,  204, 172. 

Prenaration of imitlazoles 1 I). I c  and 1 e .  Fluoro compounds l c  and I e  were 

prepared and purified as described above for the model ~midazole  l a .  In the 
case of l b ,  K2CO3 was replaced by diisopropylamine. 

l b :  from imine 3 b  (0.10 g, 0.5 mmol), diisopropylamine (0.12 g, 1.2 mniol), 
TosMIC (0.1 1 g, 0.6 mmol) in MeOH (5 ml). The mixture was heated for 15 1: 
under reflux and the imidazole was isolated (0.084 g, 70% yield) by column 
chromatography on silica gel using a mixture of 2: l  hexane:AcOEt saturated 
w ~ l h  ammoniun hydroxide (28% aqueous solution). mp : 101-103 "C; ir (v,  cm- 
I )  : 2980, 2930, 2850, 1540, 1495, 1450, 1380, 1355, 1230, 1110, 1075, 920; 
I11 nmr : 1.52 (d, 311, J=3 Hz), 1.75 (d, 3H, J=3 Hz), 5.09 (s, 2H), 7.10-7.50 (br s, 
6 7 4  , I )  F nmr : -31.7; ms (mlz) : 230 (M+), 139. 91. Anal. Calcd 
for C14HlsFN2:  C, 73.04; H, 6.54; N, 12.17. Found: C, 73.02; 11, 6.19; N, 12.13. 
l c :  from the corresponding imine mixture (0.40 g, 1.5 mmol), K 2 C O 3  (0.80 g, 

5.8 mmol), TosMlC (0.30 g, 1.5 mmol) in MeOH (8 ml), a 7:3 E : Z isomeric 
mixture of imidazoles (0.31 g, 68% yield) was obtained, which was separated by 
column chromatography on silica gel using a mixture of 2 : l  hexane:AcOEt 
saturated with ammoniun hydroxide (28% aqueous solution). l c :  mp 87-88 OC; 
ir (v ,  cm-1) : 3050, 3020, 2920, 2860, 1710, 1480, 1450, 1350, 1230, 1150, 
1100, 102.5, 915; 1H nmr : 1.55-1.65 (m, 6H), 1.85 (s, 3H), 2.20-2.50 (m, 4H), 
5.10 (s, 2H), 5.85 (s, III), 7.00-7.40 (br s, 6H), 7.51 (s, 111). Anal. Calcd for 
C191-123FN2: C, 76.52; H, 7.71; N, 9.39. Found: C, 76.48; H, 7.78; N, 9.47. The 

corresponding (a isomer: ' H  Nmr : 1.55-1.65 (m, 6H), 1.80 (s, 31-1). 2.20-2.50 
(m, 41-I), 5.05 (s, 2H), 5.81 (s, lH),  7.00-7.35 (br s, 6H), 7.50 (s, IN). 
l e :  from the corresponding imine mixture (0.39 g, 1.3 mmol), K 2 C O 3  (0.80 g, 

5.8 mmol), TosMIC (0.34 g, 1.6 mmol) in MeOH (8 ml), a 7:3 E : Z isomeric 
mixture of imidazoles (0.29 g, 66% yield) was obtained, which was separated by 
column chromatography on silica gel using a mixture 2: l  hexane:AcOEt 



saturated with amn~oniun hydroxide (28% aqueous solution). l e :  Ir (v, cm-1) : 
2920, 2850, 1450, 1390, 1350, 1230, 1220, 1165, 1120, 1030, 925; 1H nmr : 

1.78 (s, 3FI), 1.80 (s, 310, 2.30 (m, 4H), 5.05 (s, 2H), 5.60 (br s, III), 5.82 (br s, 
IH), 6.90-7.35 (br s, 6H), 7.51 (s, 1H). Anal. Calcd for C19H21F3N2: C. 68.28; H, 

6.28; N, 8.37. Found: C, 68.36; H, 6.57; N, 8.32. The corresponding (a isomer: 1H 

Nmr : 1.70 (s, 3H), 1.72 (s, 3H), 2.30 (m, 4H), 5.05 (s, 2H), 5.60 (br s, lII),  5.82 
(br s, IH), 6.90-7.35 (br s, 6II), 7.50 (s, 1H). 

ACKNOWIEDGEMENTS 

Financial support from CAICYT (Grant 84-0087) and CSIC (Grant 163-85) is 
xknowledged.  The authors wish to thank Dr. Patrick Porcheron and Mrs. 
Madeleine Morinikre (Univ. Pierre et Marie Curie, Paris) for supply of P -  
ecdysoue antibody and continuous advise in the performing of EIA assays, and 
Dr. P. Pradelles (CEA, CEN, Saclay) for a generous gift of the corresponding 
enzymatic tracer. 

REFERENCES 
G.B. Staal, Ann. Rev. Entomol., 1986, 31,  391. 
A. Burger, F. Colobert, C. Hetru, and 8. Luu, Tetrahedron, 1988, 44,  1141. 
E. Kuwano, R.  Takeya, and M. Eto, Aeric. Riol. Chem., 1985, 49, 483. 
E. Kuwano and M. Eto, Acric. Biol. Chem., 1986, 50, 2919. 
S. Asano, T:. Kuwano, and M. Eto, J. Pest. Sci., 1984, 9, 503. 

E. Kuwano, R. Takeya, and M. Eto, Aeric. Biol. Chem., 1983, 47, 921. 
1 Kuwano, personal communication. 

F. Camps, F.J. Sanchez, and A. Messeguer, Tetrahedron, 1988, 44 ,  5161. 
F. Camps, F.J. Sanchez, and A. Messeguer, Svnthesis, 1988, 823. 
F. Camps, R. Canela, J. Coll, A. Messeguer, and A. Roca, Tetrahedron, 1978, 
3 4 ,  3067.  
A.M. van Leusen, J. Wildeman, and O.H. Oldenziel, J .  Ore. C h ~ n . ,  1977, 42, 
1 1 5 3 .  
Y. Bessiere, D.N. Hue-Snvnry, and M. Schlosser, Helv. Chirn. As&, 1977, 60,  
1739.  
K. Kadono-Okudn, E. Kuwano, M. Eto, and 0. Yamnshita, App. [in[. Zool., 

1987, 22,  370.  

P. Porcheron, M. Morinikre, J. Grassi, and P. Pradelles, Insect R i a ,  
1989. 19 ,  117 .  

E.J. Corey and G. Schmidt, Tetrahedron Lett., 1979, 399. 
A. Roca, Ph. 1). Thesis. University of Barcelona, 1979. 

Rece ived ,  2 4 t h  J u l y ,  1 9 8 9  


